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ABSTRACT
Tyvak Nano-Satellite Systems is currently developing a platform independent Nano-Launch Vehicle (NLV)
avionics system by modifying and optimizing existing products for use with this new class of launch vehicle
intended to put 20kg to 40kg of payload into a Low Earth Orbit (LEO). Previous work on a Phase I SBIR through
NASA's Launch Services Program helped lay the foundation for the architecture, where key trades in Global
Positioning System (GPS), Inertial Measurement Unit (IMU), and wireless communication protocols were
evaluated. A recently awarded Phase II SBIR will fund the hardware and software elements to TRL 7. Tyvak is a
team member on the NASA Launch Services Enabling eXploration & Technology (NEXT) program to demonstrate
an orbital flight in 2016. The design is highly flexible, and extensible to any class of launch vehicle looking for
mass and cost savings. The inherent modularity of the architecture provides a growth path towards an Automated
Flight Safety System (AFSS) using CubeSat class electronics. The design allows electronics re-use, while providing
straightforward tailoring for the particular launch vehicle application. This approach provides significant savings in
avionics mass, and reduces cost through common hardware elements, and reduction in range assets.

LAUNCHING CUBESATS

Limited Orbit Options

The quality and quantity of CubeSats being developed
has increased dramatically in the last few years. In
parallel with the increased number of CubeSats, the
number of launch opportunities for CubeSats has grown
significantly in order to keep pace with launch demand.
However, the launch opportunities have changed little
in quality. All CubeSat launch opportunities are still in
secondary accommodations. Even CubeSats launched
from the ISS require a ride to the station as low-priority
payloads in one of the station resupply vehicles. While
the CubeSat launch process has been streamlined over
the last few years and many launch opportunities are
available every year, the secondary status presents some
significant challenges to CubeSat developers, including:

Launch orbit parameters are dictated by the needs of the
primary payloads. Therefore, secondary payload launch
opportunities are largely limited to those orbits
preferred by traditional space missions. This orbit
restriction limits the opportunities for CubeSats to
perform innovative or lower priority missions that may
require unique orbit parameters.
First Class Range Requirements
In order to protect the primary payload and the launch
vehicle, secondary payloads are often required to follow
some of the same safety and testing requirements
imposed on those high value systems. These processes
result in increases in cost and documentation and are
inconsistent with the higher risk tolerance and
streamline processes commonly associated with
CubeSats.

Lack of Schedule Control
Secondary payloads must follow the primary payload
launch schedule. Not only are secondaries constrained
by the launch opportunities provided by primary
launches, but they are also affected by primary
spacecraft development delays. ISS deployed CubeSats
may have a more flexible schedule once they arrive at
the ISS. However, transport to the space station is
dictated by resupply mission schedules.
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High Cost Customizations
Standardization is largely responsible for the success of
the CubeSat concept. However, as the capability of
these small vehicles increases, many CubeSat
developers are requesting specialized accommodations
during launch, such as nitrogen purge, vibration
isolation, thermal control, etc. Accommodating these
requirements for secondary payloads is very expensive
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since it requires a modification to standardized launch
accommodations that must be approved by the primary
payloads and a traditional launch vehicle.

remain high, while also reducing overall mass, volume,
and cost.

NLV DEVELOPMENT CHALLENGES

Tyvak is in a unique position of having worked both the
launch side, and the satellite development side of
advanced CubeSats. That experience provides insight
into vehicle risk management, primary payload safety,
range safety, integration and test flow, and launch
vehicle operations. Coupling this experience with
Tyvak’s capability to design compact, lightweight,
highly reliable CubeSat avionics in a cost effective
manner rounds out the complete skill set necessary to
develop a COTS based launch vehicle avionics system.

These challenges would be alleviated if specialized
Nano-Class launch vehicles were available to provide
smaller spacecraft primary-payload status. These
smaller vehicles would allow CubeSats greater control
over launch schedule and orbit parameters. However, to
fulfill this role, the NLV must address some key
development challenges that include:
Competitive Launch Cost
Currently, most CubeSats have severe budget
constraints. Only a few missions can justify an increase
in launch costs even if the additional cost results in
more desirable schedule and orbit options. Therefore
NLVs will only be able to capture a significant portion
of the market if the launch cost is similar to that of
current secondary opportunities. Note, that capturing a
large percentage of the market is critical to achieving
large numbers of launches, thus further decreasing per
mission cost. In addition, cost reductions in NLV
development and qualification can result from matching
the risk posture of the NLVs with that of the payloads
being developed for those vehicles.

DESIGN APPROACH
The results from Tyvak’s Phase I SBIR effort is an
avionics architecture based on a modified version of
Tyvak’s Intrepid avionics board. The design is a
broadly distributed system with a collection of common
Linux Nodes networked together. This design reduces
total mass from harnessing and provides considerable
scalability depending on the specific NLV
implementation. Key interfaces have been clearly
defined based on feedback from current NLV
developers and they were developed to simplify the
separation of roles and responsibilities between
organizations. As a result of the Phase I work, the
avionics design can now be considered at TRL 3. The
concept is technically feasible, and will result in a mass
and cost optimized avionics platform for future NLVs.

Optimizing Payload Mass Fraction
Given fixed vehicle costs all launch systems benefit
from an optimization of the payload mass fraction.
Given the small size of NLVs, this optimization process
must carefully consider the mass of avionics and
vehicle support systems which can become a significant
percentage of the launch mass. Current payload mass
targets for a dedicated NLV are in the 20 to 40kg range.

There is significant overlap between the NLV avionics
requirements and that of a corresponding CubeSat
avionics suite. As such, the NLV avionics architecture
is able to build upon existing Tyvak CubeSat hardware
and software to meet the NLV avionics requirements
while lowering development risk and addressing key
program goals of reducing cost and mass.

NANO-SATELLITE PHILOSOPHY APPLIED TO
LAUNCH VEHICLE AVIONCS
The challenges seen with creating an NLV are similar
to the challenges nano-satellites faced a decade ago
when Universities were trying to develop affordable
spacecraft that could provide data valuable enough to
warrant funding from a sponsor. To keep costs down,
Commercial Off-The-Shelf (COTS) components are
used exclusively. Combined with common PCB design
software, and the growth in turn-key board fabrication,
rapid hardware design in small quantities at costs an
order of magnitude lower than traditional space
hardware is possible. This, along with increasing
launch opportunities, has greatly lowered the barrier of
entry to space. Tyvak personnel, and many other
developers have demonstrated through using COTS
components that the reliability of nano-satellites can
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Leverage Pre-Existing Capabilities
Similar to Tyvak’s approach with CubeSat avionics, a
great deal of commercial technology is available for
integration into a system that provides the functionality
required for launch vehicle avionics. A considerable
amount of open-source software is utilized where
applicable.
Tyvak currently uses an Embedded Linux distribution
that has been under continued development since 2010
and was specifically configured for space applications
utilizing ARM-based processors. The build takes
advantage of pre-existing code where useful, and
removes unnecessary features when not required to
minimize the memory footprint and boot time. The
2
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Linux based computers rely heavily on open-source
utilities including: SQLite, UDP/IP stack, Network
Time Protocol, Point to Point Protocol, OpenSSL,
Linux Kernel, Interface Drivers (SPI, I2C, UART,
USB), and SSH utility to name a few. In addition,
several propriety libraries previously developed by
Tyvak for CubeSat programs will be leveraged to
provide hardware and software monitoring, data
logging, communications, state estimation, event
handling,
command
handling,
configuration
management, and inter-process communication.

Distributed Design
The concept for the avionics is largely distributed in
nature to provide the greatest mass savings, and
flexibility when integrating with different vehicles. The
basis for the avionics are common design elements
consisting of Linux Nodes, Battery Packs, and Interface
Boards for the various power, data busses required by
the vehicle, and sensors. The ability to distribute
processing and energy storage throughout the vehicle
has the following benefits: (1) Better management of
processor resource loading; (2) Battery pack size
optimization; (3) Reduces current handling required
through harnessing; (4) Overall reduction in wire
harness routing length; (5) Simplifies implementation
of total modular redundancy as needed.

Current hardware designs are also used in the NLV
avionics, and modified as needed. In particular,
Tyvak’s computing boards, electrical power systems,
and sensor interface designs will be applied directly to
the NLV Avionics problem.

Figure 1: Two different CubeSat battery pack
designs that can be leveraged for the NLV Avionics.

Figure 2: Intrepid Systemboard hardware and
software will be leveraged for the NLV Avionics.
A key component of driving down costs for launch
vehicles is the ability to launch out of remote locations
with the system that doesn’t rely on traditional ground
assets. To this end, Tyvak will build on the work
completed by NASA Wallops Flight Facility Research
Range and their Automated Flight Safety System
(AFSS) software1. The focus of that development was
primarily the software, and integrating demonstration
hardware without the need to optimize mass and
volume. As a result, the functionality and operations of
the AFSS software has been successfully demonstrated
on sounding rocket launches, and provides a natural
building block that Tyvak can integrate and optimize.
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Figure 3: Diagram of elements that could make up
an Avionics Module
The Linux Node is packaged with the battery pack and
any necessary peripherals into Avionics Modules. One
example of an Avionics Module is shown in Figure 3,
where the module contains an IMU, GPS, S-Band
transmitter, and a variety of control triggers and inputs
for vehicle telemetry collection. Depending on the
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vehicle, the module configuration/s would be different,
but utilize common design elements to reduce cost.
Networked Design
To simplify the integration of the distributed design, the
Linux Nodes are interconnected using Ethernet,
RS422/485, and/or WiFi. This greatly simplifies interprocessor communications between the distributed
Linux Nodes, and with the launch vehicle Ground
Support Equipment (GSE). Figure 4 shows a test setup
from the Phase 1 SBIR using Tyvak designed Intrepid
hardware and software to demonstrate flowing IMU
and GPS telemetry over three different physical layers.

Figure 5: Current baseline GPS unit is the Javad
JNS100.

Micro-Electro Mechanical System (MEMS) based
Inertial Measurement Units (IMU) have come a long
way in the last few years, and continue to steadily
improve. These devices are typically an order of
magnitude or two lower mass and cost over traditional
Ring Laser Gyro (RLG) and Fiber Optic Gyro (FOG)
solutions. While the MEMS IMU performance is not as
good as traditional RLG and FOG solutions, the gap is
getting narrower every year.
The AD16488 is a notional option with a max
acceleration range of +/- 18gs, a linear acceleration
error of 0.009 deg/sec/g and weighs only 48 grams.
The unit has the added advantage of being affordably
priced. The devices performance parameters will be
included as part of the GNC simulation work, and
thoroughly tested to demonstrate it can operate in an
NLV environment

Figure 4: Test setup from Phase 1 SBIR
demonstrating transmission of IMU and GPS
telemetry over three physical layers used for
network communication: (1) Ethernet; (2) UART;
(3) Wireless.
Leverage Modern Sensor Technology
Modern Global Navigation Satellite Systems (GNSS)
can provide sufficient vehicle tracking accuracy for
both navigation and range safety purposes. Prior work
on sounding rockets has shown the viability of using
COTS GPS receivers for launch vehicle applications2,3.
Additionally, CubeSats have routinely demonstrated
these receivers function well in LEO post deployment4.
The JNS100 from Javad shown in Figure 5 has
considerable heritage on both sounding rockets, and
orbital demonstrations. The unit supports GPS L1 and
GLONASS, operates well under high dynamics, and
can output raw position solutions at 100 Hz. The unit is
still available, and considered the best option for a GPS
Metric Tracking and AFSS solution.
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Figure 6: MEMS IMU option from Analog Devices
Wireless Radio Compatibility
Tyvak is using its past experience with CubeSat radios
and applying it directly to the launch vehicle for vehicle
to ground communications. The vehicle to ground
radio is assumed to be S-Band. The Quasonix NanoTX
in Figure 7 is baselined due to the small size, high
transmit power, and competitive price. These radios
support BPSK, OQPSK at up to 10W of RF out with
proper heat sinking, and typically have a command
interface over UART, with a synchronous interface for
data and clock up to 10s of mbps.
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Inert Test Article
Tyvak will work with Generation Orbit to take
advantage of an Inert Test Article flight, which consists
of a dummy launch vehicle attached to the under-belly
of a carrier plane. The Generation Orbit vehicle is an
air-launched system, and Tyvak is a partner in that
effort for the NASA NEXT program.
This
demonstration will fly multiple network Avionics
Modules, Flight like GPS and S-Band antennas, and
demonstrate the GSE interface to the carrier plane. The
goals for the test include: (1) Procedure verification; (2)
GPS antenna performance in flight configuration; (3)
GSE interface verification; (4) State estimator
performance using carrier aircraft telemetry as “truth”;
(5) GPS metric tracking performance using carrier
aircraft as truth; (6) State estimator using IMU only
navigation for extended periods; (7) AFSS rule set tests.

Figure 7: Quasonix NanoTX transmitter also used
on Tyvak CubeSats will provide vehicle to ground
communications.

Path Towards GPS Metric Tracking
The modular nature of the design will help with the
eventual implementation of GPS Metric Tracking by
adding additional functionally independent modules to
meet range requirements for using GPS as a tracking
source. This approach of re-using the launch vehicle
avionics elements to add GPS Metric Tracking will
significantly reduce hardware costs. Through the NLV
avionics design, the sensor performance requirements
will be verified to ensure compatibility with GPS
Metric Tracking requirements and demonstrated on a
sounding rocket launch.

Sounding Rocket
The final test as part of the Phase II SBIR is a sounding
rocket launch, which will fly similar hardware as the
Inert Test Article Flight. The goals for the test include:
(1) GPS Metric Tracking performance verification; (2)
S-Band performance verification; (3) GSE interface
verification for ground launch; (4) GPS Metric
Tracking performance verification; (5) State estimator
performance; (6) AFSS simulated rule set during
“natural flight”. With a successful sounding rocket
launch, the system will reach TRL 7.

Path Towards Automated Flight Safety System
The next step beyond GPS Metric Tracking is a full
Automated Flight Safety System. The capability is
built on top of the GPS Metric Tracking modules, with
the added AFSS software licensed from NASA Wallops
Flight Facility Research Range getting integrated into
the Linux Nodes. This capability will be demonstrated
on both an Inert Test Article flight on an airplane, and a
Sounding Rocket.

NASA NEXT Program
The Phase II SBIR is allowing for development of the
key modules needed for a demonstration flight to LEO.
The basic building blocks will have been developed and
demonstrated. The next step is tailoring the Avionics
Modules for a particular launch vehicle. The NASA
NEXT program has provided that opportunity, which
aims to demonstrate an NLV orbital launch in 2016.
Generation Orbit is the prime contract for the award,
and Tyvak is providing the avionics system. With a
vehicle to design to, the Avionics Modules will be
tailored and distributed for that particular vehicle, and a
control system designed using the state estimator
developed during Phase II given the known plant and
actuators.

DEVELOPMENT PLAN
A crawl, walk, run approach is adopted for this effort to
provide key milestones, and demonstrate critical
functionality through the Phase II SBIR.
Initial Development
Initial hardware will be setup as a flat-sat configuration
for software development and used throughout the
program for debugging, and requirements verification.
Balloon Launch

INITIAL RESULTS

A balloon launch is the first demonstration and will fly
an Avionics Module consisting of a Linux Node, IMU,
GPS, S-Band Transmitter, Battery Pack, and health
sensors. The goals for the test include: (1) Stream realtime GPS and IMU data to the ground; (2) Stream state
estimation data to the ground; (3) Store telemetry
locally as a backup post recovery; (4) Verify GPS
Metric Tracking related performance requirements.
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The goal of the Phase I SBIR was to complete a
feasibility study, perform a trade of wireless, GPS, and
IMU options, and develop a system architecture. A
focus of the system architecture was to understand how
to reduce mass and cost.
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Estimated Mass Reduction

decade ago comparing the cost of a space rated
processor to a COTS microcontroller. A complete cost
analysis hasn’t been performed at this point, but a
useful reference is the cost difference between an
Analog Devices IMU (~$1k) and the reference medium
accuracy FOG gyro (~$20k).
Beyond the pure
hardware costs, operating the range is a significant
expensive for any launch campaign. Using COTS
components and developing a qualified GPS Metric
Tracking system and eventually AFSS will be key to
lowering the launch costs for a dedicated NLV that
appeals to current nano-satellite developers launching
as secondary payloads.

Every kg of mass saved on the upper stage of a vehicle,
is a kg available for the payload, which are expected to
weigh around 20 to 40kg. There are several ways to
reduce mass, which include:
Adopt the nano-satellite mentality - Develop highly
integrated, and compact hardware. This results in
smaller boards, and smaller aluminum housings. A
comparison to current state-of-the-art vehicle avionics
providing GPS, S-Band, IMU, and Processing in an
aluminum housing weighs between 2 to 2.5k total. Our
mass estimate for an equivalent capability based on our
CubeSat hardware is around 0.75kg.

CONCLUSION

Utilize modern COTS components – An Analog
Devices MEMS IMU weighs about 47 grams,
compared to a common medium accuracy FOG gyro
that weighs around 750 grams. The weight difference
between some of these devices is more than an order of
magnitude. The IMU is one element driving the orbital
insertion accuracy. Provided a system trade is done
showing the MEMS device is sufficient, there is 0.7kg
worth of mass reduction. Similar comparisons could be
made for other COTS components as well, all
contributing to reduced mass.

The growing popularity of nano-satellites is driving
launch demand higher, creating a market need for
dedicated launches. The viability of this approach
necessitates an avionics system with a mass fraction
similar to that of traditional vehicles, but at a scaled
down size. Development of modern tracking systems
to allow more affordable and remote launch sites will
greatly reduce operational costs as well. Both these
features can be achieved if a CubeSat mentality is
adopted through using COTS components and building
on commercial open-source technologies in an
intelligent system design that maximizes use of
resources while maintaining a high degree of reliability.

Battery pack optimization – The Analog Devices IMU
requires about 0.8W, while the same medium accuracy
FOG gyro requires 12W steady state. Using modern
components translates directly to reduced power by an
order of magnitude, and thus smaller battery packs. By
distributing the battery packs, they are sized for the
local load only. In the case of an IMU, GPS, and Linux
Node, that translates to ~3W of steady state power. A
pack designed to operate for 3 hours would be a 9Whr
battery. That’s equivalent to a single 18650 Li-Ion cell
weighing about 55 grams. Large packs are only
required for specific elements that need higher
operating voltages or peak power. Having local energy
storage also allows for reduced conductor sizes, since
long wire runs are only needed for trickle charging.
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